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Introduction
Slip accident on wet floor is one of critical risks in aging society like Japan [1] . Critical slip situation is that the coefficient of friction decreases after the initial slip. This decrease in the coefficient of friction is caused by the hydrodynamic pressure in the liquid between the mating surfaces and it is well known that the pressure depends on the sliding speed [2] . By applying microstructures on the surface of instruments, coefficient of friction can be modified to prevent such slip as shown in Fig. 1 . However, elastic deformation of human body causes a change in pressure distribution and the analysis or estimation of the hydrodynamic pressure becomes difficult [3] . Thus, current designs are mostly based on the empirical laws and systematic design rule has not been established.
When we touch handle or handrails, feeling is also important as well as the frictional property. Thus, sensory test should be included in such kind of friction test. Thus, this study aims to make clear the relationship between microstructure design and frictional properties including sensory tests from the standpoint of safety and comfort. In this study, a special setup was constructed by which the effect of various conditions on the frictional property can be examined. 
Principle
Frictional property under wet condition is well described with Stribeck curve shown in left side of Fig.1 . If both of the contact pressure and viscosity of fluid are kept constant, this curve shows the relationship between sliding speed and coefficient of friction. The important point is the decrease in coefficient of friction at the transition point from mixed lubrication to hydrodynamic lubrication. This transition is caused by the hydrodynamic pressure due to the drag of fluid into narrow gap during the relative motion of two surfaces. This transition condition should be shifted to the right direction in the figure by decreasing the hydrodynamic pressure with the microstructure on the surface.
The problem in the estimation of the pressure is the elastic deformation of human body because the generated pressure causes the change in profile which causes additional change in pressure distribution. The analysis is just same as elasto-hydrodynamic lubrication (EHL) theory. Thus, iterated numerical calculation is necessary to solve the equilibrium condition of pressure distribution and elastic deformation. The authors had already tried the calculation [4] , however, it was difficult to make clear the design guideline. In this study, experimental approach was adopted instead of such calculation, especially to include the sensory test for the handle.
Experiments
Setup. Standardized slip-resistance test method described in ASTM or JIS does not necessarily consider dynamic friction [5] . That means there is no measure to assess the actual slip resistance and it is necessary to establish new evaluation method. Figure 2 shows the experimental setup in this study. Two linear motion stages are integrated and controlled by a PC to simulate various types of motion. In the case of step motion of human walk, normal or perpendicular motion was applied to one sample during lateral motion of another mating sample and the samples were made in contact during the motion. If any fluid is supplied between the samples, slip accident due to hydrodynamic pressure can be simulated. The inclination angle θ of the sample that moves along laterally can be adjustable as shown in the figure. Normally, this angle was set at zero degree.
On the other hand, in the case of grip motion of handle, samples were made in contact first and then lateral motion was applied to simulate slip motion. During these experiments, both of the normal and tangential forces were measured with two quartz-type 3-axes force sensors installed beneath the sample. Base on these results, coefficient of friction was calculated. Dry friction was also measured for reference. Preparation of samples. The micro-structures on floor or handle sample were line-and-space or columnar that has rectangular cross-section ranging from micrometer to millimeter. Line-and-space pattern has directionality and used to investigate basic frictional property for floor. Columnar pattern has little directionality and used for the structure on handle. The structures were produced in photoresist (SU-8) using lithography and then replicated into unsaturated polyester. This material is often used for bath floors.
The mating material was silicone rubber (Polydimethylsiloxane, PDMS) that imitates human foot or finger. The sample size was 20x20x20 mm for both experiments. In the case of finger imitation experiment, microstructure was fabricated on the surface. Spring hardness of the rubber was adjusted to foot (H s 80) and finger (H s 60) respectively. The fluid between the samples was mainly water. In the experiments for floor, the viscosity was changed by adding thickening agent (polysaccharide, Guar Gum). The conditions are summarized in Table 1 . Sensory Tests. Actual feeling was examined by human testees as shown in Fig.3 . Testees touched with fingers and rubbed against the sample after sprinkling water on the sample. On the questionnaire, there are three queries; (1) rough/hold/hitch or not, (2) slippery or not, and (3) Painful or not? Figure 3 Schemes for sensory test
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Results and Discussion
Structures for floor. Figure 4 shows the effect of specifications on the coefficient of friction. Figure 4(a) shows the effect of structural pitch P. The transition conditions from mixed lubrication to hydrodynamic lubrication change with the pitch and transition points can be shifted to severe condition by applying structure. It was found that the optimum value was about 300 µm. Figure 4 (b) shows the effect of pattern width ratio W t /W b , where W t is width of structure and W b is width of space between the structures respectively. The ratio was changed between 0.5 and 2. It was found that the pattern width has little effect on the frictional property. The width of pattern may not be treated independently and should be considered together with the total sample width. Figure 4 (c) shows the effect of aspect ratio of the cross-sectional profile W t /H, where H is the height of the structure, on the frictional property. The transition condition shifts to right in the figure with the increase in the aspect ratio. However, if the aspect ratio becomes too big, bending deformation of the structure causes additional hydrodynamic pressure. Thus, there should be optimum aspect ratio outside of the condition of experiments. Figure 4(d) summarizes the effect of specification. The vertical axis shows the critical value of s t that correspond to the transition from mixed lubrication to hydrodynamic lubrication. Thus higher s t is preferable to prevent slip. It is found that an optimum pitch is 300 µm though s t in the case of pitch 1500 µm is difficult to define because the Stribeck curve looks rather different from others. Regarding to the pattern width, no effect is observed. Regarding to the aspect ratio, it looks that the larger the better. However, it should be kept lower than 0.5 considering additional hydrodynamic pressure mentioned above.
The effect of hardness of elastic body or rubber was also examined though the results are not shown. If it is soft, the coefficient of friction tends to large. In contrast, if the rubber becomes hard, the coefficient tends to small. This means the aged people easily slip on wet floor. It should be noticed that the hardness of human skin becomes harder with age. Figure 5 shows the effect of various parameters on the friction of handle samples. Figure 5(a) shows the effect of dimensional specification and it is found that the coefficient of friction becomes smaller with the decrease in pitch and minimized at the pitch of 500 µm. It is interesting that the coefficient becomes large at the pitch of 300µm though the reason is not clear. There might be mechanical engagement of the structure to another structure because the coefficient of friction is too large. The right side of Fig.5(a) shows the effect of structural height. No relationship was found between the height and the friction. Figure 5(b) shows the effect of normal force. The coefficient of friction decreases with the increase in contact pressure in all cases of pitches. This decrease might be caused by the elastic deformation of the structure. Wide flat area may work as suction cup to increase friction. It may also generate hydrodynamic pressure. Thus, it is difficult to estimate the effect on friction. In contrast, small structures distribute both of the contact and hydrodynamic pressure into small fragment and may keep relatively constant level of friction. However, too thin structure bends easily to form wedge form of fluid between the bodies and may generate hydrodynamic pressure.
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From the standpoint of users who touch these handles or instruments, the amount of change in the coefficient of friction is important. The change in the coefficient depending on the change in environment wet/dry may cause unexpected slip, thus, the change should be minimized. Thus, pitch 500 µm is considered as best in this case. Figure 6 shows the results of sensory test together with the former result of friction test. There observed strong correlation between the sensory test and friction test in larger structures. That is, the "hold" or hitch" feeling increase with the increase in the coefficient of friction. However, the answer "painful" also increases, which indicates bad feeling. It is interesting that the case of P300W150 shows relatively high friction and there is no answer of "painful". The reason is not clear but the spacing of sense receptors may be important information. In the case of large structure, the stress concentration in limited area works as stimulus and will cause pain. On the other hand, in the case of fine structure, the stress distribute evenly over wide area. If small stimulus is given between the sensory receptors, we cannot sense it while this may increase the friction.
We have some kinds of sensory receptors on our fingers as Meissner corpuscles as shown in the right side of Fig.6 
Summary
The effect of microstructures on both of frictional property and feeling was examined. The results are summarized as follows:
(1) The optimum design for the floor was several hundred µm in pitch with aspect ratio about 0.5 under the condition of this study. (2) In the design of handles, the feeling can be improved while keeping high coefficient of friction by designing small structures. One of the future problems is generalization of the design guideline because the condition is limited in this study. This study was carried out under the support of JSPS Grant-in-Aid for Scientific Research (B)18360070.
